The interalveolar septum between the upper first molar and the second premolar of the separated human maxillary bone was three-dimensionally observed by micro CT to evaluate the appropriate mini-screw type implant placement position by considering the relationship between the tooth roots and the maxillary sinus. After taking micro CTs of 5 human maxillary bones, horizontally sectioned images of the interalveolar septum area 2, 4, 6, 8, 10, and 12 mm deep from the crest of the alveolar ridge were reconstructed by three-dimensional reconstruction software. The bucco-lingual and mesio-distal lengths and area in each sectioned interalveolar septum were measured using digital image measurement software. Using the results, the interalveolar septum area between the upper first molar and the second premolar approximately 6-8 mm deep from the alveolar crest in the tooth root apical direction was determined to be the safest position for mini-screw implantation. Furthermore, lateral implantation from the palatal side was deduced to be the safest approach.
INTRODUCTION
In recent years, a new treatment mechanism using implants for orthodontic treatment has been developed and applied to clinical orthodontic treatment. This technique has enabled tooth movement that was impossible with conventional orthodontic treatment, and further developments are expected. Although dental implant type 7, 18, 19, 24) , mini-plate type 9, 15, 22, 23) , and miniscrew type [3] [4] [5] [10] [11] [12] [13] [14] 16, 17) implants have all been used for orthodontic treatment, the miniscrew type implants are widely used in clinical cases, because of their easy implantation technique with comparatively light tissue invasion.
Since Creekmore and Eklund 4) clinically used mini-screw type implants below anterior nasal spine for intrusion of the maxillary anterior teeth in 1983, there have been many reports of their clinical application to the hard palate, maxillary molar area, maxillary tuberosity, mandibular retromolar torus, and mental region 3, 10, 12, 16, 17) . Generally, mini-screw type implants used as a maxillary molar anchorage unit have been placed in the interalveolar septum between the upper first molar and second premolar from the buccal side to obtain mechanical treatment effects and secure a safe surgical field, frequently based on the clinician's clinical experience 10, 11, 13, 14, 16) . However, because buccal implantation may cause problems such as injury to the tooth roots and perforation of the maxillary sinus 11) , detailed anatomical evaluation is necessary. Although the implantation position of the dental implant type has been evaluated using CT for general clinical treatment 2) , there have been no basic studies of the placement position of the mini-screw type implants in the maxillary molar area.
In this study, the interalveolar septum area between the upper first molar and the second premolar in the separated human maxillary bone was three-dimensionally observed by micro CT, and the appropriate mini-screw type implant placement position was evaluated, specifically considering the relationship between the tooth roots and the maxillary sinus.
MATERIALS AND METHODS

Study specimens
From the separated human maxillary bones with permanent dentition preserved in the Department of Anatomy, Tokyo Dental College, five specimens satisfying the following conditions were selected. Their genders and ages were randomly selected. 1) The growth period finished. 2) No bone destruction due to periodontal disease was observed. 3) No apical lesions were detected by micro CT.
To eliminate noise, any soft tissue in the 
CT conditions
Each CT was taken using a micro CT (KSM-755, Kashimura Co.) under the following conditions; tube voltage: 55.0 kV, tube current: 100A, magnification: 1.5 times, and slice thickness: approximately 49.5m. The occlusal plane of the specimen was set perpendicular to the rotation axis of the stage. After placing the interalveolar septum between the upper first molar and second premolar in the center of the CT-taking area, the specimens were fixed with utility wax.
Measurements before treatment
By the back projection method, approximately 600 sliced images were obtained from the raw data taken. Three-dimensional images of the area between the upper first molar and second premolar were constructed using three-dimensional construction software (Vox Blast) (Fig. 1) . Thereafter, by the volume rendering method, images of the interalveolar septum area between the upper first molar and second premolar horizontally sectioned parallel to the occlusal plane 2, 4, 6, 8, 10, and 12 mm deep from the crest of the alveolar ridge to the tooth root apical direction were reconstructed (Fig. 2) . 
Measurement methods
Automatic tracing of the horizontally sectioned images was performed based on differences in the CT values by digital image measurement software (Image Pro-Plus 4.5). This software is designed to automatically measure the mean, minimum, and maximum distances between two lines.
Then, in the horizontally sectioned interalveolar septum area between the upper first molar and second premolar 2, 4, 6, 8, 10, and 12 mm deep from the alveolar crest, the following measurements were made. When the maxillary sinus appeared, they became impossible.
1) The bucco-lingual length of the interalveolar septum The minimum and maximum lengths of the line connecting the buccal bone surface and palatal bone surface without contact with the tooth roots were measured as the minimum distance and maximum distance, 2 mm 4 mm 6 mm 8 mm 10 mm 12 mm Fig. 3 Measurement of the bucco-lingual length The mean, minimum and maximum lengths of the line connecting the buccal bone surface and palatal bone surface without contact with the tooth roots were measured. When measurements from the buccal side differed from those from the lingual side due to the morphology and position of the tooth roots, measurements were performed from both sides.
Fig. 4 Measurements of the mesio-distal length
The tangent was bucco-palatally drawn to each tooth root, and after removing the undercut area from the measurement area, the mean, minimum and maximum lengths were measured. When the upper first molars had furcating palatal and buccal roots, the distance between the tooth root of the second premolars and the palatal root of the first molars ( ) and that between the tooth root of the second premolars and the mesio-buccal root of the first molars ( ) were measured. respectively, and the mean length was calculated as the mean distance. When measurements from the buccal side differed from those from the lingual side due to the morphology and position of the tooth roots, measurements were performed from both sides (Fig. 3) .
2) The mesio-distal length of the interalveolar septum The tangent was bucco-palatally drawn to each tooth root, and, after removing the undercut area from the measurement area, the minimum and maximum lengths in the area were measured. Then the mean length was calculated. When the upper first molar had furcating palatal and buccal roots, the distance between the tooth root of the second premolar and the palatal root of the first molar and that between the tooth root of the second premolar and the mesio-buccal root of the first molar were measured (Fig. 4). 3) The area of the interalveolar septum region The area of the region surrounded by the bucco-lingual length and the mesio-distal length was measured (Fig. 5 ).
RESULTS
Measurements of the bucco-lingual length of the interalveolar septum are shown in Table 1 . The bucco-lingual length increased with the depth from the crest of the alveolar ridge in the tooth root apical direction. Although differences were noted among the specimens, the increase rate decreased between the horizontally sectioned 6-mm deep area and 8-mm deep area. The minimum value was 6.2 mm in the horizontally sectioned 2-mm deep area, and the maximum value was 21.5 mm in the 8-mm deep area. In the horizontally sectioned 10-mm deep area, measurement was impossible in 3 of the 5 specimens due to the appearance of the maxillary sinus in the measurement area. In the 12-mm deep area, the maxillary sinus appeared in all 5 specimens.
T. ISHII et al. The mesio-distal length of the interalveolar septum is shown in Table 2 . Although the upper first molar has buccal and palatal roots, the mesio-distal length between the tooth root of the second premolar and the palatal root of the first molar was longer than that between the tooth root of the second premolar and the mesio-buccal root of the first molar, and the former value was approximately twice as long as the latter value in specimen 1 in this study. The proportion of the former against the latter increased with the depth in the tooth root apical direction. Although the maximum difference between the maximum and minimum distance was 2.2 mm, no remarkable differences were noted in almost all of the specimens. In the horizontally sectioned 10-mm deep area, measurement was impossible in 2 of the 5 specimens due to the appearance of the maxillary sinus. In the 12-mm deep area, the maxillary sinus appeared in the measurement area in all specimens.
Measurements of the area of the interalveolar septum region are shown in Table 3 . The minimum value was 28 mm 2 in the horizontally sectioned 2-mm deep area, and the maximum value was 160.5 mm 2 in the 8-mm deep area. Therefore, the area increased with the depth from the crest of the alveolar ridge in the tooth root apical direction. It is therefore evident that safety increases with the depth in the tooth root apical direction. However, in the horizontally sectioned 10-mm THE IMPLANTATION POSITION OF MINI-SCREWS deep area, measurement was impossible in 3 of the 5 specimens due to the appearance of the maxillary sinus. In the 12-mm deep area, the maxillary sinus appeared in the measurement area in all specimens.
DISCUSSION
The resolution of micro CT is higher than those of CT and pQCT apparatus for general clinical treatment, and non-destructive observation and quantitative analysis of image data are possible by micro CT 20) . After examining the accuracy of micro CT, Shibuya et al. reported that measurements of images obtained by micro CT were almost in accordance with the actually measured specimen length and width and the calculated volume and surface area 21) . Previous reports have analyzed cancellous bone around dental implants using non-destructive and highresolution micro CT, and micro CT has been applied to dental studies 1, 8) . Therefore, micro CT, by which arbitrarily sectioned highresolution images can be non-destructively obtained and with which measurement with high accuracy is possible, was chosen for this study.
The implantation position of mini-screw type implants is determined by methods such as implantation after calculating the vertical distance between the occlusal plane and the implantation position using lateral cephalography and then producing resin templates on models 13) , inclined implantation to avoid injury to the tooth roots, consideration of the alveolar bone surface under the contact point 14) , implantation after taking dental Xrays with the acrylic surgical index attached to the teeth 16) , implantation after producing stents on models and then taking CT 11) , and implantation in an area with anatomically comparatively thick cortical bone without nerves or vessels 3) . Although these methods can be indexes for evaluating the appropriate implantation position of mini-screw type implants, tooth root position in the alveolar bone and the three-dimensional position of T. ISHII et al. the maxillary sinus are not considered. Therefore, we believe that the number of accidents such as injury to the tooth roots will increase with the wider use of implant anchors, because the implantation of mini-screw type implants continues to be performed based on each clinician's clinical experience.
Our observations show that both the buccolingual length of the interalveolar septum between the upper first molar and second premolar and the mesio-distal length between the upper first molar tooth roots and second premolar tooth roots increased from the crest of the alveolar ridge in the tooth root apical direction. The area in which implantation is possible also increases in the tooth root apical direction. However, the maxillary sinus appeared in an area more than 10 mm deep from the alveolar crest in the tooth root apical direction in some specimens, which was inappropriate for implantation. The diameter of the mini-screw type implants currently used for clinical cases is 1.2-1.4 mm, and the length is 4-8 mm. When implantation parallel to the occlusal surface is assumed, our results suggest that the area 6-8 mm deep from the alveolar crest, which has the maximum measurements in the bucco-lingual length, is the safest position for lateral implantation. Therefore, our results indicate that the area approximately 6-8 mm deep from the crest of the alveolar ridge in the tooth root apical direction is the safest and most secure position for the implantation of mini-screw type implants. Furthermore, our data also indicate that the safe implantation area widens by laterally placing the implants from the palatal side compared to that by placing from the buccal side. Although it has been reported that thick cortical bone area is optimal for implantation 3) , there are no differences in the thickness of the cortical bone between the buccal and lingual side in the maxillary alveolar area 6) . However, because the maximum bucco-lingual length is shorter than the length of the mini-screw type implants in some cases, it is necessary to select the length of the mini-screw type implants considering variations in the bucco-lingual length among patients.
Therefore, the degree of safety during implantation is increased by establishing markers such as stents and reconfirming the implantation position on X-rays. Furthermore, our results suggest that the occurrence of problems during the placement of miniscrew type implants in the maxillary molar area can be prevented by these methods.
Not only an increase in the number of specimens but also an evaluation of other areas used for orthodontic treatment, in which the use of implant anchors is rapidly increasing, is needed to increase to utility of our data.
CONCLUSION
The placement of mini-screw type implants in the interalveolar septum area between the upper first molar and the second premolar approximately 6-8 mm deep from the alveolar crest, not from the buccal side, but from the palatal side, was determined to be the safest technique.
